Morphology is a powerful indicator of a galaxy's dynamical and merger history. It is strongly correlated with many physical parameters, including mass, star formation history and the distribution of mass. The Galaxy Zoo project collected simple morphological classifications of nearly 900,000 galaxies drawn from the Sloan Digital Sky Survey, contributed by hundreds of thousands of volunteers. This large number of classifications allows us to exclude classifier error, and measure the influence of subtle biases inherent in morphological classification. This paper presents the data collected by the project, alongside measures of classification accuracy and bias. The data are now publicly available and full catalogues can be downloaded in electronic format from http://data.galaxyzoo.org.
rate and history, the gas fraction and dynamical state of the system (Roberts & Haynes 1994) ; understanding these correlations and studying the cases where they do not apply is critical to our understanding of the formation and evolution of the galaxy population. It is tempting to identify the morphological distinctions with the clear colour bimodality in the population of galaxies visible in data from modern surveys (e.g Strateva et al. 2001 ), but extremely large sets of classified galaxies are necessary before this hypothesis can be tested. For most of the twentieth century, morphological catalogues were compiled by individuals or small teams of astronomers (e.g. Sandage 1961; de Vaucouleurs et al. 1991) , but modern surveys containing many hundreds of thousands of galaxies make this approach impractical. concentration index, spectral features, surface brightness profile, structural features, spectral energy distribution (Kinney et al. 1996) or some combination of these as a proxy for morphology (e.g. Abraham, van den Bergh & Nair 2003; Conselice 2006) . As no proxy is an exact substitute for true visual morphology, the introduction of each of these variables results in an unknown and potentially unquantifiable bias in the resulting sample of galaxies. Although morphological labels are often used for the resulting catalogues, usually after comparison with a small number of expert classifications, each of these techniques produces catalogues that cannot entirely reproduce true morphological selection. For example, Schawinski et al. (2007) showed that the proportion of elliptical galaxies with recent star formation or nuclear activity was significantly higher in a sample classified by eye than in samples assembled using proxies for morphology. This reflects that fact that proxy quantities such as colour do not directly probe the dynamical state of the system which controls the morphology.
The second strategy was applied by Lahav et al. (1995) and then further developed by Ball et al. (2004) amongst others. The aim was to develop automatic classification routines, typically neural networks, to the point that they can replace the need for human classifications. While successful in classifying the majority of galaxies, a major problem is that due to both the use of proxies for morphology as input and the inherent complexity of the network, it is not easy to predict or understand the bias in the resulting classifications. As a result these automatic classifiers have not been widely adopted.
The third approach is to attempt to expand the reach of visual classifications. Previous professional attempts (Fukugita et al. 2007; Nair & Abraham 2010 ) have been necessarily limited by the extraordinary effort required to classify even relatively small subsets of the SDSS; the largest, MOSES (Schawinski et al. 2007 ), included basic classifications of only 50,000 galaxies at redshifts between 0.05 and 0.1, and with r < 16.8 (∼ 5.5 per cent of the SDSS). The results presented in this paper, which expands on our first description of the Galaxy Zoo project and its results (Lintott et al. 2008) , provide estimates of the visual morphology of the entire SDSS main galaxy sample. Having produced a catalogue of visual morphologies, we can use the other measured parameters, including colour, to investigate the galaxy population.
Galaxy Zoo is possible because of the involvement of hundreds of thousands of volunteer 'citizen scientists'. The involvement of non-professionals in astronomical science has a long and distinguished history. From the early contributions of observers to modern discoveries of supernovae and follow-up of candidate extra-solar planets (e.g. Barbieri et al. 2007) , astronomers have often depended on volunteers. The Galaxy Zoo project expands the role of non-professionals in astrophysics from data collection to include data analysis, a technique was first successfully employed in astronomy or astrophysics by the Stardust@Home project (Westphal et al. 2006; Mendez et al. 2008 ). Its usefulness is demonstrated both by the catalogue presented here, but also by the serendipitous discovery of unusual objects and classes of object discussed elsewhere (e.g. Lintott et al. 2009; Cardamone et al. 2009 ).
SAMPLE SELECTION AND WEB SITE OPERATION
The images of galaxies presented for classification by Galaxy Zoo were drawn from the Sloan Digital Sky Survey, a survey of a large part of the northern sky providing photometry in five filters (Fukugita et al., 1996; Smith et al. 2002) Strauss et al. (2002) which includes all extended objects with Petrosian magnitude r < 17.77, a total of 738,175 galaxies including those for which spectra were not available at the time of the DR6 release. In order to be as inclusive as possible, 155,037 objects which had been included in the SDSS spectroscopic survey (for various reasons, including meeting criteria intended to select for luminous red galaxies, quasars and other unusual objects) and subsequently classified as a galaxy due to their spectral properties were added, making a total of 893,212 objects.
Composite images of these objects in the g,r and i bands were provided by the ImgCutout web service (Nieto-Santisteban, Szalay & Gray 2004) on the SDSS SkyServer website (Szalay et al. 2002) and then shown to visitors to the Galaxy Zoo website 1 , who were then asked to classify the galaxy into one of the six categories shown in Table 1 . Distinguishing clockwise and anticlockwise spirals was not only useful in its own right, but also allowed Masters et al. (2010b) to ensure that their sample of red spirals genuinely included only spirals and not edge-on disks or possible S0 galaxies; spiral arms must have been seen by a majority of classifiers to record significant evidence for either a clockwise or an anticlockwise spin. The size of the image of each galaxy was chosen so that the scale was 0.024Rp arcsec per pixel, where Rp is the Petrosian radius for the system. The images were 423 pixels (≈ 10Rp for a typical system) on each side. The interface is shown in Figure 1 . The web site was launched on 11th July 2007, and full details of its operation are given in Lintott et al. (2008) .
Data reduction
The data reduction required to turn clicks provided via a website into a scientific catalogue is substantial. As well as comparing Galaxy Zoo with existing professional catalogues, Lintott et al. (2008) explored the possibility of weighting users according to how often they agreed with the majority, but found little change to the resulting classifications. Requirements for 80 per cent and 95 per cent agreement amongst users were then used to define 'clean' and 'superclean' samples respectively. This approach, while suitable for some purposes, has proved to be inadequate for others. Darg et al. (2010a) , in their study of merging galaxies, found that all galaxies with a fraction of 40 per cent or more of their vote in the 'merger' category were, in fact, true mergers. This result suggests that the application of a single critical threshold to all classifications is over-simplistic. The catalogue presented in this paper therefore includes the fraction of clicks in each category for all galaxies, rather than just those in the 'clean' or 'superclean' samples. Users of the dataset presented here are, however, recommended to use cuts of 0.8 or 0.95 in the first instance to ensure where possible that results are comparable with earlier results.
In using the Galaxy Zoo morphologies, it is important to consider the population of galaxies which are unclassified according to the criterion used to assign individual galaxies to a population. It is obviously possible to derive a classification for every galaxy by simply assigning it to the category with the greatest fraction of the vote (which we refer to as the greater criterion); a galaxy with 51 per cent of the vote in the elliptical category would, in this system, be considered an elliptical. For more stringent thresholds (e.g. clean, where a galaxy would require at least 80 per cent of the vote to be assigned a classification) then unclassified galaxies may form a majority of the sample. In order to evaluate the effect of this feature of the data, we determine the fraction of unclassified galaxies as a function of magnitude and size.
In an effort to quantify the effect of other potential biases in the classification process, mirrored and greyscale images were introduced to the site from 28 November 2007. The greyscale images were not single filter images, but in order to minimize the effect of apparent changes in morphology caused by viewing the galaxy in different wavelengths were instead produced from the gri colour images provided by the SDSS pipeline. A subsample of the main catalogue sample was used, comprising the superclean sample as of 4th September 2007 (i.e. all galaxies with an agreement of more than 95 percent on that date) and a random sampling of 5 percent of the rest of the sample, comprising 91,303 images in total. A list of galaxies included in this bias study sample is given in section 4.
The results of this bias study were discussed in Lintott et al. (2008) and Land et al. (2008) . Significant but small biases in spin direction and colour were found, with anticlockwise spiral classifications favoured over clockwise, and the greyscale images were more likely to be classified as elliptical than their colour counterparts.
Although these biases were small, the effect of studying them was relatively large. Any study of the behaviour of human classifiers is likely to encounter a phenomenon known as the Hawthorne effect (Mayo 1933) , the risk of changing the behaviour of those taking part in a study simply by carrying out the study itself. A change in classifier behaviour was indeed observed, with users being slightly more careful in their classifications during the bias study and thus classifying fewer galaxies as spiral. The effect is small (∼ 3 per cent fewer votes were received in the spiral categories) but significant. Rather than just combining classifications for each of the galaxies included in the bias study, therefore, we present the data from before and then during the study separately. Bamford et al. (2009) carry out a more sophisticated analysis of the Galaxy Zoo data, initially motivated by the desire to determine the relationship between morphology and the local density of galaxies. The technique used recognises that although small, faint or distant galaxies will likely appear as ellipticals and therefore will be classified as such with a high degree of agreement, many of these systems are likely to be spirals whose arms are not distinctly visible in the SDSS images. By assuming that the morphological fraction within bins of fixed galaxy size and luminosity does not evolve over the depth of the SDSS, it is possible to statistically estimate the bias affecting the morphological classifications for galaxies of known luminosity, size and distance. It is important to note that this bias does not arise from the involvement of volunteers in the classification process, but from the inherent limitations of the survey data.
PROPERTIES OF THE DATA

Quantifying bias
The method only deals with removing the bias relative to the least biased data (i.e. that from nearby systems) and so there may be a remaining, unquantified bias, for example due to bias in human pattern recognition abilities. The bias correction will also reduce the impact of any true redshift evolution from the sample (although only that evolution which affects the morphological mix of the population at a given absolute magnitude and physical size).
The effect of this bias on a final catalogue depends on how the raw Galaxy Zoo classifications are treated. As an example, if a simple majority of the vote is used to classify galaxies then ∼ 13.5 per cent of galaxies are in absolute magnitude-size bins where approximately no bias correction is necessary, and ∼ 20 per cent are in bins which have approximately no misclassified galaxies. Conversely, ∼ 6 percent of galaxies are in bins where the bias correction changes the classifications for more than half of the objects. In contrast, if the clean criterion is used then a much larger fraction, over 70 per cent, of galaxies are in absolute magnitude size bins for which no objects are misclassified due to this bias. The price of applying a more stringent criterion for classification is thus a large fraction of objects which do not meet the clean criteria and thus have 'uncertain' classifications.
As determining the bias correction requires a redshift, debiased results are only available for objects which were spectroscopically observed by SDSS, a subset of the whole Galaxy Zoo sample. The determination also requires a well-defined, homogeneous sample and is therefore limited to MGS objects with reliable r-band photometry, redshifts in the range 0.001-0.25 and absolute magnitudes and sizes that are not extreme outliers from the normal galaxy distribution. Bamford et al. (2009) used DR6 of the SDSS which only provided spectroscopic coverage for 82 percent of the survey area. With the availability of SDSS Data Release 7 (Abazajian et al. 2009 ), the spectroscopic coverage has risen. As a result, the number of objects with redshifts has increased from 677,515 (76 percent) to 781,842 (88 percent). Considering just the Main Galaxy Sample, the total number of objects in Galaxy Zoo is 738,173, of which 679,721 (92 percent) have redshifts in DR7, up from 575,398 (78 percent) in DR6. In calculating the classification bias corrections we have thus supplemented our previous DR6 catalogue with additional redshifts from DR7, significantly increasing the fraction of the sample for which we can provide these corrections.
As described in appendix A of Bamford et al. 2009 , we first divide the sample into bins of similar luminosity, physical size and redshift. We then find for each point in luminosity-size space the lowest redshift bin containing at least 30 galaxies, and assume that this bin represents the 'true' early-type to spiral ratio. In an attempt to keep this baseline estimate unbiased, we only consider bins well away from the magnitude, size and surface brightness limits of the sample.
Having obtained an approximation to the low-redshift earlytype to spiral ratio as a function of both luminosity and size, we fit an appropriate smooth function to the result. Equation A1 in Bamford et al. gives the fit
where,
By considering the difference between this baseline early-type to spiral ratio and that measured for a given bin of absolute magnitude, physical size and redshift, we can estimate the correction, C, required for any particular galaxy as
where angular brackets indicate averages over bins of (Mr, R50, z). Individual vote shares (type likelihoods) for each galaxy are adjusted as
and px = 1 − p el − psp. Figure 2 illustrates the effect of the bias, and the result of adopting the measured correction, as a function of redshift, apparent magnitude and apparent size, for three bins of absolute magnitude and physical size. The overall result of applying the correction is to lower the probability that a given galaxy will be classified as early-type and increase the chance that it will classified as spiral. The effect is largest around the median SDSS redshift, and for faint, small galaxies; bright, large, low redshift galaxies need only a small correction, whereas at the highest redshifts only the most luminous galaxies pass the sample selection criteria, most of which are indeed early-types.
Measures of confidence
To assist users of the Galaxy Zoo dataset in evaluating the morphological classifications they obtain, both individually and for larger samples, we have calculated a number of relevant statistics. These were derived from the bias correction procedure described above and thus reflect only the sensitivity of the classification to the bias described in the previous section. They do not take into account other systematic biases that may exist in the data set (see Lintott et al. 2008 for a comparison of the Galaxy Zoo classifications with other catalogues of visual morphology).
A first indicator of the quality of an individual morphology is the difference between its raw and debiased likelihoods, ∆p. The bias corrections are inherently uncertain, especially when applied to individual galaxies rather than to large samples, but the size of the bias correction is an indication of the uncertainty in the galaxy's type.
To remove the individual uncertainties on our confidence measures, for each galaxy we calculate values computed from a 'bin' of galaxies with similar redshift, absolute magnitude and physical size, corresponding to the same binning used in quantifying the bias correction. We therefore provide the mean and standard deviation of ∆p in each galaxy's bin, ∆p and σ∆p respectively.
A confidence measure of perhaps more practical use is an estimate of the probability that a given galaxy may have been classified as an elliptical when it is in reality a spiral. We thus calculate the fraction of objects within a given galaxy's bin that are classified as elliptical using the raw data but as spiral when the effect of the bias correction is taken into account. This fraction of misclassified galaxies, f misclass , depends strongly on the threshold used in the analysis to define 'spiral' or 'elliptical', being highest when the greater condition is used (i.e. when a galaxy is classified as an elliptical when p el > psp) and smaller when more stringent classifications are used. However, the cost of using a more stringent classification threshold is that an increasing fraction of galaxies are unclassifiable, i.e. they do not meet the criteria for any of the classifications and are thus 'uncertain'. We quantify this by measuring the fraction of unclassified galaxies, f unclass , in the same bin of redshift, magnitude and size as the particular galaxy in question.
The distribution of these quantities amongst the Galaxy Zoo sample are shown in Figure 3 (for the greater criterion) and Figure 4 (for clean) . Note that weighting the results to favour those users who tend to agree with the majority makes little difference compared with the effect of changing the classification threshold.
Following earlier Galaxy Zoo papers, a clean sample has been defined by requiring 80 percent of the corrected vote to be in a particular category. However, this choice was somewhat arbitrary, and yet has a significant effect on the number of unclassified and misclassified galaxies. This effect is shown in Figure 5 for four thresholds: 50 percent (greater), 60 percent (cleanish), 80 percent (clean) and 95 percent (superclean). The mean values of each distribution are indicated with arrows. For example, a threshold of 50 percent results, by design, in a classification for every galaxy but 19 percent are misclassified. A threshold of 60 percent results in 33 percent of galaxies unclassified and 10 percent misclassified. A threshold of 80 percent results in 60 percent of galaxies unclassified and 3 percent misclassified, while a threshold of 95 percent results in no misclassifications but 88 percent of galaxies unclassified. These figures illustrate the general principle of working with these data; as the the threshold is made more stringent, then the fraction of unclassified objects increases while the fraction of misclassified objects decreases. Table 2 contains the data for all MGS galaxies with measured redshifts in the range 0.001 < z < 0.25 and u and r photometry in SDSS DR7, excluding those with extreme absolute magnitudes or sizes given by the SDSS pipeline. 667,945 galaxies are included. This table includes the raw votes, the weighted votes in elliptical (E) and combined spiral (CS) categories, and flags indicating the inclusion of the galaxy in a clean, debiased catalogue. The flags take into account not only the redshift dependence of the spiral/elliptical ratio as described in Section 3.1 but also the redshift dependence of the ratio of spirals to ellipticals in the clean catalogue. This results in larger corrections than would otherwise be necessary. As explained above, bias correction was only possible for MGS galaxies for which SDSS DR7 included spectra, and so Table 3 contains classifications for galaxies included in the Galaxy Zoo sample for which bias corrected morphologies are not available.
THE CATALOGUE
As discussed in Section 2.1, while the introduction of mirrored and monochrome images was important in allowing the measurement of human bias, doing so also affected the behaviour of the participants. The measurements obtained during this bias study have thus not been combined with the main data set described above. Table 4 , presents the confidence measures discussed in section 3.2, (∆p) and (right) the estimated fraction of objects that are misclassified, at the absolute (blue, solid line) and apparent (red, dotted line) magnitude and size of each galaxy in the Galaxy Zoo Main Galaxy Sample. These are calculated using the greater classification criteria, as described in the text. For example, note that ∼ 13.5 per cent of galaxies are in absolute magnitude-size bins where approximately no bias correction is necessary, and ∼ 20 per cent are in bins which have approximately no misclassified galaxies. Conversely, ∼ 6 per cent of galaxies are in bins where the bias correction changes the classifications for more than half of the objects. Fig. 3 , but for galaxies classified using the clean criteria. This figure also includes (right) the fraction of objects that are unclassified by the clean criteria, i.e. they have both psp and p el < 0.8. The average corrections, are slightly larger for the clean versus greater criteria, misclassifications are considerably lower, but at the expense of a large fraction of unclassified galaxies. For example, over 70 percent of galaxies are in absolute magnitude-size bins for which the classification bias results in no objects being misclassified, but roughly two-thirds of galaxies are in absolute magnitude-size bins for which at least half the objects are unclassified. calculated using absolute magnitude and physical (rather than apparent) size. Tables 5 and 6 gives details of the votes assigned to each category for the galaxies which were included in the bias study, as well as a combined vote in Table 7 .
Examples
This paper presents, as a legacy for the community, the entire Galaxy Zoo 1 data set. Users should bear in mind that the objects included in Galaxy Zoo 1 were selected by a combination of criteria (see 2), and therefore appropriate additional cuts (in magnitude, redshift, etc.) should be made to produce a well-defined sample appropriate to any particular study.
Most users of this data will have specific requirements which fall into one of a few categories. For example, one may require a small number of spiral or elliptical galaxies, perhaps for an observing proposal. In this situation, we suggest using a subset of the galaxies which we have flagged as belonging to the relevant category according to the clean criterion incorporating the biascorrection ( Table 2 ).
The data in Table 4 will then allow the user to estimate the fraction of the derived sample which are misclassified due to inherent classification bias (i.e. the inability to detect spiral arms in faint or small systems). The certainty of the individual classifications can be improved by using a higher threshold (e.g. requiring 95 per cent agreement amongst classifiers) or by selecting nearby, bright and/or large galaxies. This procedure will suffice for many studies, but one should always consider the properties of the objects with 'uncertain' classifications where these may potentially affect the result. This will be the case for many statistical studies. In such circumstances, it may be preferable to have an estimate of the morphology of all systems, rather than leaving a large number unclassified. In this case, the morphological type likelihoods from Table 2 (ideally the debiased quantities) may be used directly, or a simple majority vote can be applied. Finally, if the small effect of the change in behaviour associated with the bias study can be ignored, and no bias-correction is required, a greater number of votes for ∼ 250, 000 systems can be obtained from Table 7 .
CONCLUSIONS
This paper presents the results of Galaxy Zoo 1, which used the World Wide Web to recruit a large community of volunteers to provide morphological classifications of galaxies drawn from the Sloan Digital Sky Survey. Such morphological classifications are useful indicators of a galaxy's dynamical state and are correlated with many other physical parameters.
The data presented here has already produced several interesting results. Much of this work, published elsewhere (eg Bamford et al. 2009; Schawinski et al. 2009; Masters et al. 2010a; Land et al. 2008 ) was only possible because of the large number of morphological classifications provided by the project. The clockwise/anticlockwise classifications of the spiral galaxies have been used to show that (as expected) there is no evidence for a preferred rotation direction in the Universe, but the results suggest that humans preferentially classify spiral galaxies as anti-clockwise (Land et al. 2008) . They hint at a local correlation of galaxy spins at distances less than ∼ 0.5Mpc -the first experimental evidence for chiral correlation of spins (Slosar et al. 2009 ).
The disentangling of morphological and colour based classifications allows us to study the separate dependences of morphology and colour on environment and provide evidence that the transformation of galaxies from blue to red proceeds faster than the transformation from spiral to early type (for example, Bamford et al. 2009 and Skibba et al. 2009 ). The importance of this division is illustrated by the sample of passive, red, spirals in Masters et al. 2010b ); these are disk galaxies in the outskirts of groups and clusters of galaxies which have either exhausted their gas, or lost it through strangulation or another mechanism.
The Galaxy Zoo results can also be used to constrain the properties of dust in spiral galaxies (Masters et al. 2010a ). Schawinski et al. (2010) use Galaxy Zoo classifications to distinguish the host galaxies of AGN, finding that in the present day Universe activity is preferentially found in low mass early-types and high mass latetypes. The sample of merging galaxies have been used to show that the local fraction of mergers is between 1 and 3 percent and to study the global properties of merging galaxies (Darg et al. 2010a,b) .
Other serendipitous discoveries have been made because of the close attention given by classifiers to each image. Galaxy Zoo has brought to light several rare classes of object. 'Hanny's Voorwerp' -an unusual emission line nebula neighbouring the spiral galaxy IC 2497 has been studied in several follow-up projects (Lintott et al. 2009; Józsa 2009 ). An unusual class of emission line galaxies (the 'peas') have been discovered -their properties are discussed by Cardamone et al. (2009) and Amorìn et al. (2010) .
The success of the project, both in quickly attracting large numbers of volunteers and in providing data that is useful for science, suggests that this mode of 'citizen science' may provide a valuable method of data analysis for large data sets. A follow-up project, Galaxy Zoo 2 2 , has obtained more than 60 million more detailed classifications of a subset of the Galaxy Zoo sample, and has already produced results; Masters et al. (2010c) find that the presence of a bar is strongly linked to galaxy colour, with a bulge and bar-dominated sequence of red galaxies separated from a predominately bar-less blue cloud.
Classification of galaxies drawn from large Hubble Space Telescope surveys is now underway 3 . Two sister projects investigating transient detection 4 and merger simulations 5 are underway, and results from these projects will be reported in future papers. Data from a third spin-off, which asked users to determine the length of the bars in barred galaxies, is now being reduced 6 . Obtaining a large number of visual classifications is not only inherently useful, but also provides a rich training set for improving automated techniques (Banerji et al. 2010) ; this combination of citizen science and machine learning will be essential in dealing with the data rates expected from future sky surveys, such as the Large Synoptic Survey Telescope (LSST Science Collaboration 2009). Whether used directly or to inform future surveys, Galaxy Zoo has shown that the efforts of volunteers, coordinated via the internet, can produce rich seams of science.
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